immediately after milling, no alterations in the material. For the electrical conductivity and potassium leaching analises, separated 100 g of green beans were separated.
The determination of the amount of potassium leaching was assessed in a flame photometer Digimed NK -2002, after 3.5 hours of beans soaking, according to the methodology proposed by Prete and Abrahão (2000) .
The electrical conductivity of the raw grains was determined by adapting the methodology recommended by Kryzynowski, Françaneto and Henning (1991) . 50 grains of each sample were used, they were weighed (0.001 g precision) and immersed in 75 mL of deionized water inside 180 mL plastic cups. Subsequently, these containers were placed in ventilated oven set at 25 °C for five hours; after that, the reading of the electrical conductivity of the solution was performed in a Digimed CD player -20. From the data obtained, the electrical conductivity was calculated and the results were expressed in µS cm -1 g -1 /sample.
The enzyme extract used for the determination of the PPO activity was obtained by adjusting the extraction process described by Draetta and Lima (1976) . 5 g of green beans were weighed, then, 40 mL of phosphate buffer potassium 0.1 M pH 6.0 was added and stirred for 5 minutes, and the used items were kept under refrigeration. After shaking, the samples were subjected to vacuum filtration using Whatman paper n o 1. The enzymatic activity was determined by the method described by Ponting and Josling (1948) , using the sample extract without DOPA as white.
Caffeine was assessed by the colorimetric method described by Instituto Adolfo Lutz (1985) .
The total sugars and reducing sugars were extracted by using the Lane-Enyon method, described by AOAC (ASSOCIATION..., 1990). The non-reducing sugars were found by difference between total and reducing sugars. Values were expressed as percentage.
The total acidity titled was determined by titration with 0.1 N NaOH, adapting the methodology cited by AOAC (ASSOCIATION..., 1990) . 2 g of coffee sample were weighed and added to 50 mL of distilled water, the mixture was shaken for 1 hour. Then, filtering was performed on filter paper and 5 mL of the filtered solution was withdrawn and, placed in a flask containing 50 mL of distilled water. 3 drops of phenolphthalein were added and then titrated with IN NaOH 0.1 Results were expressed in mL of NaOH 0.1 N per 100 g of sample.
The determination of the chlorogenic acid content of the samples was performed according to the methodology proposed by Menezes (1990) , weighed to 0.5 g of previously ground sample was weighed, after that, 100 mL of 70% isopropanol was added, and then placed in reflux for 4 hours at 50 °C. Subsequently, the mixture was filtered and the volume completed to 100 mL with isopropanol 70%. 1 mL of the extract mixed with metaperiodate reagent to 0.25% was withdrawn; this extract remained for 10 minutes at 27 °C. The reference sample consisted of 1.0 mL of 70% isopropanol and 10 mL of reagent metaperiodate to 25%. Subsequently, there was a meter reading on the spectrum to 406 nm. biochemical transformations in the grains (PIMENTA; VILELA, 2003) .
The association of fungi on seeds and grain may occur during all stages of production, including post-harvest, in storage conditions, and it is a major cause of qualitative depreciation. The first reports on the influence of filamentous fungi in coffee quality were produced in the thirties, with the detection of Fusarium mycelium in samples of fermented grain. Since then, several studies showed the presence of filamentous fungi in coffee beans (PIMENTA; VILLELA; MORAES, 2002; BATISTA, 2003) .
The fungal species most frequent in coffee are included in the Aspergillus, Penicillium, Fusarium genera CHALFOUN, 2007) . All reports showed that the incidence of fungal directly influences coffee drink; however, research on the physical and chemical changes of the grains is still incipient. Thus, the objective of this research was to verifity the influence of different fungi on the fruits of coffee (Coffea arabica L.) regarding the physico-chemical and chemical compositions of the raw grain.
Materials and methods
A lot of coffee beans Coffea arabica L. obtained to carry out the analyses was harvested from the Acaiá Cerrado MG 1474 cultivar, through hand-stripping on the cloth in the Experiment Station farm in Lavras, State of Minas Gerais. The cultivation system used was free growth. The growth conditions were those recommended for coffee crop in the region. Five samples of 30 kg were harvested.
Once harvested, the fruits remained in the yard until they reached moisture content of about 12%. Upon reaching the proper moisture content the grains were collected, double packed, and stored at the Laboratory for Disease Control, Plant Pathology Department, Federal University of Lavras, until the time of analysis. In order to evaluate the incidence of fungi, the grains were distributed in Petri dishes of 15 cm in diameter, containing three sheets of filtering paper previously moistened in sterile distilled water for further incubation. After drying, 100 grains were taken at random for subsequent distribution in aseptic conditions, 25 grains per plate, as the blotter test technique. Each plate with 25 grains was considered a repetition. The grains were incubated in a 20 ± 2 °C chamber with a photoperiod of 12 hours of black light (wavelength near ultraviolet) for eight days until the manifestation and development of the fungi. The identification of the fungi was done by examining each individual grain, using the staining of colonies and spores method at microscopy, after eight days of incubation.
In order to perform the chemical analysis, a sample of 200 g of green beans was used. The samples were ground in mill (Tecnal brand, T 650 model) and sieved through 20 mesh sieves. Evaluations of total acidity, chlorogenic acid, caffeine, potassium leaching, electrical conductivity, total sugars, reducing and non-reducing, and enzyme activity of polyphenoloxidase. The evaluation of PPO activity and total acidity was performed argued that the activity of this enzyme is a reliable parameter for the quality evaluation of coffee, since we drink coffee which has lower quality of polyphenoloxidase enzyme activity. Pimenta, Villela and Moraes (2002) found that PPO activity was significantly reduced in periods of storage up to 270 days. The authors also observed a significant increase in infection by Aspergillus sp. from 180 days of storage; this result showed that the increase in Aspergillus sp. infection may contribute to the reduction of the enzyme activity and, consequently, to the quality of the drink.
The Cladosporium cladosporioides fungus predominated in coffees classified as soft and hard drink (CARVALHO et al., 1994) . However, in the present study, the fungus Cladosporium cladosporioides, although detected in the samples, did not exert any direct influence of the polyphenol oxidase enzyme (Table 1) . Alves and Castro (1998) also reported a relationship between the incidence of the Fusarium, Aspergillus and Penicillium genera and the inferior quality drinks. The species detected in Fusarium and Penicillium genera did not influence the activity of polyphenoloxidase, even at high incidence (Table 1) .
It could be observed that that only Aspergillus alutaceus fungus interferes with the content of chlorogenic acid, and that for every 4% increase in the incidence of this fungus, there was an upward trend of 0,062 in the content of chlorogenic acid (Table 1, Figure 1b ).
The coffee bean has a variety of phenolic and most important, depending on the amount found in grain are chlorogenic acids, which have an inverse relationship with coffee quality. Higher content of total chlorogenic acids may be found in low-grade coffee (SILVA et al., 2000) . These acids exert a protective action -antioxidant and aldehydes are generally considered secondary products of plants. The presence of these compounds in coffee -in excess, if compared to those recorded for certain species -is associated with the devaluation of the quality, suggesting that these compounds may also serve to assist in assessing coffee quality.
The statistical analysis was performed using the program Statistica 6.0 (Statsoft Inc., Tulsa, OK, USA). Analysis of variance and the fungi present in the grains quantitative variables were used. The responses of the chemical components of grain for the presence of fungi were determined by regression equations. Graphs were constructed for the regression equations when there were detected significant effects (p ≤ 0.05) of responses in relation to fungal occurrence.
Results and discussion
The following fungi were found in the grains listed below: Fusarium semitectum (83.0%), Fusarium equisetum (87.0%), Penicillium rugulosum (82.0%), Penicillium funiculosum (79.0%), Penicillium variable (37.0%), Aspergillus alutaceus (42.0%), Aspergillus niger (8.0%); Cladosporium cladosporioides (91.0%) and Rhizopus (1.5%).
The genera Fusarium, Penicillium, Aspergillus and Cladosporium are commonly associated with coffee beans, and several studies relate the occurrence of Fusarium sp. and Aspergillus sp. to coffee drink previously classified wih relationship to the patterns such as riada and rioy. The fungus Cladosporium sp. was reported as prevalent in coffee drinks classified as "soft" and "hard" (CARVALHO et al., 1989; ALVES; CASTRO, 1998) . However, the studies do not relate to the grain microflora associated with the physicochemical and chemical properties of grain.
The results obtained in this study, among the fungi detected in the analyzed samples, only the fungus Aspergillus alutaceus was influenced by the values of enzymatic activity of polyphenol oxidase, showing that this fungus, and the produce secondary metabolites, such as OTA, can interfere with the chemical composition of grains, especially with the PPO activity (Table 1) .
It was observed that for each increase of 4% occurrence of Aspergillus alutaceus there is a reduction tendency of 1.1534 in the activity of this enzyme (Figure 1) . Carvalho et al. (1994) studied the relationship between the classification of the coffee beverage and the chemical composition with the microflora associated with the benefited grain, and concluded that the determination of the PPO activity allows a more objective evaluation of the coffee quality. Chalfoun (1996) further and Fusarium semitectum was detected in some samples analyzed in this study, but these fungi did not influence the content of a substance, even in conditions of high incidence. However, Carvalho et al. (1989) report that the Fusarium sp. and Penicillium sp. Fungi showed, similarly, high rates in different classifications proposed by coffee Garruti and Conagin (1961) .
These results confirm what was observed in this study.
Several authors have mentioned a relationship between high incidence of Aspergillus alutaceus fungus and coffee samples classified as lower quality drinks (CARVALHO et al., 1989; ALVES; CASTRO, 1998) . This study confirms a relationship between this fungus and the content of chlorogenic acid, one of the factors which disparage the quality of the drink.
The highest values of potassium leaching and electrical conductivity were observed in samples which showed higher incidence of Aspergillus alutaceus fungus; analysis of variance indicated an increasing trend of these parameters with the increase of this fungus. However, this was also verified for Cladosporium cladosporioides fungus (Table 1) . Among the fungi detected in the samples, only Aspergillus alutaceus and Cladosporium cladosporioides fungi exerted a direct effect on these variables. It was observed that for each increase of Phenolic compounds are related to the enzymatic activity of some enzymes, acting as the main substrate. Any injury that occurs in grains, including those caused by microorganisms, can promote the disorganization of the cell, leading to the interaction between enzyme and substrate and, consequent, to the production of quinones, which react with other proteins and enzymes, promoting its inactivation (ARAÚJO, 1990) .
The result of this study did not confirm what was proposed by Amorim et al. (1974) , who suggested that when the content of chlorogenic acid is higher in quality coffees in lower coffee quality, lower depending on the attack of the fungus Fusarium sp., indicating that the presence of this fungus induces the production of higher levels of acid. As the content of this compound, and consequently the total phenolic content, is associated with loss of quality, every work that relates the higher percentage of occurrence of fungi in coffee of inferior quality may suggest that every fungus also alter the total phenolic content. However, this association was not confirmed in this study (Table 1) , since only a few fungi altered the values of chlorogenic acid. Alves and Castro (1998) related the occurrence of Fusarium with drinks of lower quality, the occurrence of Fusarium equiseti Figure 1 . Effect of incidence (mean% of occurrence) of the A. ochraceus fungus in polyphenoloxidase activity (u/m/g), chlorogenic acid content (%) potassium leaching (ppm), and electrical conductivity (µ/S/g) in processed coffee beans.
It was found that, in the presence of fungus, the amount of potassium leaching had a tendency to increase and that higher rates of leaching of this ion were found in samples of lower quality coffees, indicating that their membranes were affected. Previous studies demonstrated a positive relationship between potassium leaching and electrical conductivity, considering that the bulk electrical conductivity was found in grains that experienced greater potassium leaching (LOPES, 2000) . Higher values for electrical conductivity confer a slight widening of the cell membrane and that, due to an increased susceptibility to injury, had a higher cytoplasmic translocation of ions to the liquid medium. Considering, also, the relationship of the state of organization of green beans membranes with the quality, the electrical conductivity of the exudate of the grains showed that the worse the quality of the drink, the greater the measure (PRETE; ABRAHÃO, 2000; SILVA et al., 2004) . Among the factors that contribute to increase potassium leaching and electrical conductivity, it is the attack of microorganisms (LOPES, 2000) . This study demonstrated the influence of Aspergillus alutaceus and C. cladosporioides fungi in electrical conductivity values (Figure 1c,d and 2a,b) . However, other fungi detected in analyzed samples did not influence these parameters.
4% of Aspergillus alutaceus fungus, there was an increase tendency of 1.10 in the potassium leaching amount and of 3.592 in the electrical conductivity amount (Figure 1c,d) . For Cladosporium cladosporioides fungus, every 4% increase in incidence was connected to an upward trend of 0.558 in the potassium leaching amount and of 0.96 in the electrical conductivity values (Figure 2a,b) . Tests of K + leaching and electrical conductivity have been presented as indicators in assessing the integrity of the membrane. There are higher rates of potassium leaching and electrical conductivity in samples of lower quality coffees. The results showed that coffees that have suffered deterioration of quality had their membranes affected. Once the membrane structure is ruptured, there is greater contact between the enzymes and the intra and extracellular components, what causes changes in the composition, and thus, in the quality of grain (REINATO, 2003; FAVARIN et al., 2004) .
The membranes are the first to be affected by adverse conditions in coffee. Commonly, the damage occurs in the pre and post-harvest periods due to insect and microbial infections; some authors concluded that the fungus of the genus Cladosporium predominated in coffees classified as top quality drinks (CARVALHO et al., 1989; ALVES; CASTRO, 1998) , but the results obtained in this study did not confirm this relationship. Table 2 . F values related to average levels of total sugars (% DM), nonreducing sugars (%), total acidity titled (mL NaOH 0.1 N) and caffeine (%) in samples of raw processed coffee. The fungi associated with grains in the samples did not change the levels of caffeine, total acidity titles and sugars. It was observed that there was no significant effect (p ≤ 0.05) of fungi detected in the samples in any of these parameters ( Table 2 ).
The acidity in various foods and beverages is a determinant factor in the formation and properties of the flavor. The level of acidity in coffee beans can vary with the levels of fermentation occurring in the grains and also with the different stages of maturation, which may serve as support to help evaluate the quality of coffee, since quality coffee index has lower acidity (COSTA; CHAGAS, 1997) . In this study, it was shown that the fungi detected in the samples did not affect the total acidity of the grain.
Caffeine is one of the most studied chemicals, due to its physiological effects, mainly as a stimulant. The knowledge of caffeine levels interests mainly the markets that require low levels of these alkaloids, or even decaffeinated coffee. It was found that the fungi associated with grains in samples of raw coffee did not affect the levels of these constituents (Table 2) .
Among the sugars present in coffee, no-reducing sugars stand out, particularly sucrose. There are low levels of reducing sugar. During the roasting process, the sugars react with amino acids to form colored compounds desirable for the color and aroma of the final product (COSTA; CHAGAS, 1997).
During the drying process, the mucilage is digested, providing food material for the seed and a continuation of their metabolism. These chemical changes alter the taste of coffee, which may be impaired or improved according to the presence or absence of micro-contaminants. The microorganisms produce enzymes that act on the chemical components of the mucilage, mainly on sugar, fermenting them and producing alcohol, which turns into acetic, lactic and butyric acids and others. The decrease in coffee quality begins when the production of propionic and butyric acids start (PIMENTA; VILELA, 2003). However, there was no change in sugar, depending on the occurrence of fungi detected in the analyzed samples (Table 2) .
Conclusions
The results indicated that there is a trend towads the reduction of the PPO activity and the increase of potassium leaching and electrical conductivity amounts of the grains in the presence of Aspergillus alutaceus fungus. A trend towards the increase of electrical conductivity and potassium leaching values of the grains was detected in the presence of Cladosporium cladosporioides fungus. The fungi of the Fusarium and Penicillium genera, detected in the samples, did not interfere in any of the parameters. There was no change in total sugars -reducing and non-reducing, acidity, and caffeine in the presence of fungi detected in the samples.
